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ABSTRACT
The Gaia-ESO survey recently reported on a large sample of lithium (Li) abundance determinations
for evolved stars in the rich open cluster Trumpler 20. They argue for a scenario where virtually
all stars experience post main sequence mixing and Li is preserved in only two objects. We present
an alternate explanation, where Li is normal in the vast majority of cluster stars and anomalously
high in these two cases. We demonstrate that the Li upper limits in the red giants can be explained
with a combination of main sequence depletion and standard dredge-up, and that they are close to
the detected levels in other systems of similar age. In our framework, two of the detected giants
are anomalously Li-rich, and we propose that both could have been produced by the engulfment
of a substellar mass companion of 16+6−10 MJ. This would imply that ∼ 5% of 1.8 M stars in this
system, and by extension elsewhere, should have substellar mass companions of high mass that could
be engulfed at some point in their lifetimes. We discuss future tests that could confirm or refute this
scenario.
Keywords: stars: abundances — stars: chemically peculiar — planet-star interactions — open clusters
and associations: individual: Trumpler 20
1. INTRODUCTION
When stars enter their red giant branch (RGB) evo-
lution, they go through some important changes: the
energy production changes from the core to a shell sur-
rounding it and the envelope of the stars expands. Also,
the surface composition changes due to the first dredge-
up (FDU), the deepening of the convective layer that
brings nuclear-processed material from the stellar inte-
rior to the surface. If the element is depleted in the stel-
lar interior, its surface abundance will be diluted during
the FDU. This is the case of lithium (Li). If stars en-
ter the RGB with a solar system meteoritic abundance
of A(Li)1= 3.3, the Li abundance post-FDU should be
A(Li) < 1.5. After FDU, no further abundance changes
are expected according to standard models.
However, it is well documented observationally that
there is an extra-mixing process that changes the surface
abundance of giants triggered after the RGB bump (e.g.,
1 A(Li) = log(NLi/NH) + 12.00, where Nx is the number of
atoms of element “x”
Gratton et al. 2000; Lind et al. 2009b).
Also, although they are uncommon, Li-rich giants do
exist (e.g., Wallerstein & Sneden 1982; Brown et al.
1989). Some explanations have been proposed for these
atypical Li-rich giants. One of these is internal pro-
duction through the Cameron-Fowler chain (Cameron &
Fowler 1971), which additionally requires extra-mixing
mechanisms to transport the freshly produced Li into
cooler regions of the star, preventing it from burning
by proton capture. Other possibilities are external to
the star. These include the accretion by the star of a
planet or brown dwarf (Alexander 1967), which have
not burned Li during their lifetimes, or mass transfer
from an evolved AGB star, where Li can be produced
by hot bottom burning under convective conditions and
thus get transported to the outer layers (Sackmann &
Boothroyd 1992).
A key piece of information for distinguishing among
mechanisms of Li enhancement is the evolutionary phase
of the enriched giants. Recent observations indicate that
Li-rich giants are found all along the RGB (e.g., Lebzel-
ter et al. 2012), as well as the clump (Kumar et al. 2011;
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2Silva Aguirre et al. 2014; Monaco et al. 2014; Reddy &
Lambert 2016), so there seems that Li-rich giants are
not restricted to a particular evolutionary phase. Un-
fortunately, the exact mass and evolutionary stage of
giants can be tricky to obtain when they are located in
the field and have no parallax or asteroseismic data, as
it is the case for most of the known Li-rich giants.
This difficulty can be partially overcome in clusters,
where the giants have similar masses, and, since the
cluster members share the same original composition,
distance, and age, differences in giants’ surface abun-
dances are tied to internal processes acting inside stars.
Open clusters have an additional advantage over globu-
lar clusters, as they do not present evidence of multiple
populations so far.
In a recent work, Smiljanic et al. (2016) (S16 here-
after) studied the Li abundance of giants in the open
cluster Trumpler 20, in the context of the Gaia-ESO
Survey (Randich et al. 2013). S16 find two giants with
a high Li abundance when compared to the rest of the
cluster. Thus, this sample offers a great opportunity to
study extra-mixing and the Li-enrichment phenomenon.
This letter is organized as follows. In Section 2 we re-
analyze the Trumpler 20 data published by S16, and crit-
ically discuss their interpretation and its implications.
We offer an alternative explanation based on our ear-
lier work on planet/brown dwarf engulfment (Aguilera-
Go´mez et al. 2016) in Section 3, concluding in Section
4.
2. THE POSSIBILITY OF EXTRA MIXING IN THE
TRUMPLER 20 GIANTS
The Gaia-ESO survey presents observations for 41
stars in the open cluster Trumpler 20, with an age of
∼ 1.6 Gyrs and [Fe/H]=+0.17, that are likely members
based on radial velocities (Donati et al. 2014). Carbon
and nitrogen abundances for those stars were obtained
by Tautvaiˇsiene˙ et al. (2015), and the Li abundance in-
cluding corrections by nonlocal thermodynamical equi-
librium, as well as the atmospheric parameters we use
throughout this letter, are those reported by S16.
S16 measured Li in 40 giants and 1 subgiant. Only
4 of the 40 giants had a Li detection, the rest being
upper limits; 2 targets would be classified as Li-rich
with A(Li)non−LTE = 1.54 ± 0.21 and A(Li)non−LTE =
1.60± 0.21. Their interpretation is that all of the giants
except for the two Li-rich had experienced severe post-
MS Li depletion, and that the two high measurements
were stars with inhibited extra mixing. Our proposed
explanation is very different: the two detections with
high Li abundance are stars enriched in Li, possibly by
planet engulfment (Section 3), and the upper limits sim-
ply reflect FDU from a population that has experienced
MS depletion. This does not preclude mixing on the
RGB itself, since the sample consists of upper limits,
but the data do not require it for the entire sample. To
explain the differences in our interpretation, we begin
by briefly summarizing their approach, which we then
check in turn using our models.
S16 begin by comparing their abundances with those
predicted by standard dredge-up theory, assuming a MS
solar meteoritic abundance, and argue that the two Li-
rich giants align with the predictions while all the other
giants have Li well below them. They then argue that
all the low luminosity stars in their sample are core-He
burning stars, based on a combination of H-R diagram
position relative to isochrones and CN measurements of
the FDU. Within this framework, high Li is a sign of Li
preservation, and all other stars must have experienced
in situ mixing on the RGB, in addition to any MS mixing
that could have occurred.
We instead argue that the data are better explained
by a different interpretation of the evolutionary stages
and mixing histories of the stars; namely, that both first
ascent (inert He cores) and red clump (core He burning)
stars are present and that we can reproduce the CN
measurements without including thermohaline mixing.
Instead of assuming a solar meteoritic zero point for Li,
we use the average Li abundance found in the turn-off
of other similar clusters. It would be natural to use the
abundance of less evolved stars in Trumpler 20 as a zero-
point, however anchoring models to the only such star
reported (subgiant MG 430) is risky. Our models of MS
depletion and standard FDU are broadly consistent with
the Li upper limits of the Trumpler 20 giants as well as
Li detections in other open cluster giants of similar mass.
Within this framework, the two Li-rich giants therefore
stand out as anomalously high, rather than normal, and
we investigate planet engulfment as a possible origin.
Our interpretation of the data is partially based on the
evolutionary stage of the giants. Figure 1, left panel,
shows the location of the stars in the Teff -log g plane,
and an 1.66 Gyr isochrone with [Fe/H]= +0.17, obtained
with the Yale Rotating Evolutionary Code (YREC, Pin-
sonneault et al. 1989; Demarque et al. 2008), but the
evolutionary stage is hard to identify from this informa-
tion alone, as the group of giants with low log g could
be either AGB or RGB stars, and the group with higher
log g should include first ascent RGB and clump giants.
The C/N ratio can be useful to narrow down the
evolutionary stage of the giants, as, during the FDU,
carbon is reduced while nitrogen is increased, thus de-
creasing the C/N ratio. In Figure 1, right panel, all
the giants have low C/N ratios, indicating that they
have gone through FDU. The data is compared with
models from Lagarde et al. (2012) with and without
mixing along with predictions from standard evolution-
ary YREC models for a 1.8M star with [Fe/H]=+0.17
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Figure 1. Left panel: Trumpler 20 giants in the Teff -log g plane. Gray circles are giants with only Li upper limits, filled
stars are the two Li-rich giants and open circles are stars with Li detections. These are plotted along a YREC isochrone with
[Fe/H]= +0.17 and an age of 1.66 Gyrs. Right panel: C/N abundance ratio as a function of Teff for the giants in Trumpler
20, same symbols as left panel. The solid line shows the YREC model of a 1.8 M star with [Fe/H]=+0.17. For comparison,
we show the 1.5 M (blue) and 2.0 M (red), solar metallicity standard models (L12s, dotted) and those with rotational and
thermohaline mixing (L12rt, dashed) of Lagarde et al. (2012), used by S16. The horizontal lines at lower Teff in these models
are due to the horizontal branch.
(black solid line). Those with mixing include rotational-
induced mixing starting in the MS and thermohaline
mixing after the RGB bump.
Note that the range of predicted C/N levels after FDU
for all models (both with and without extra mixing) is
about the same size as the typical uncertainty in the
C/N measurements. Therefore, the C/N ratio is not a
strong diagnostic of extra mixing in the Trumpler 20
giants.
We can see a shift in temperature between the YREC
and Lagarde et al. (2012) models due to the use of a dif-
ferent mixing-length parameter. To fit the upper RGB
of the cluster, our models suggest an α = 2.1, and con-
sidering the YREC model that predicts hotter temper-
atures for the base of the RGB, the giants are still con-
sistent with first ascent RGB stars.
We can estimate the expected relative number of stars
in both the RGB and core-He burning phases by relying
on well-established theory. We compare the timescales
that stars spend on those stages and share the same log g
(from log g = 3.2 to 2.7) in the high temperature group:
NRGB
NHB
=
tRGB
tHB
. (1)
From the YREC models for the 1.8 M star with super-
solar metallicity, tRGB ∼ 7.5 × 107 yr, while for the
core-He burning phase it is tHB ∼ 1.1 × 108 yr. This
means that ∼ 19 of the 31 giants in the high temperature
group of this cluster should belong to the clump. This
fraction is mainly illustrative since the exact timescales
can change by using different assumptions. Nevertheless
it challenges the assumption of S16 that all of the hotter
stars must be red clump stars. In fact, the Li-rich star
in this group stands out from the rest of the stars at
same log g (Figure 1, left panel) further indicating that
this could be an RGB star.
The Li abundance of giants in Trumpler 20 can be seen
in Figure 2, as a function of Teff . The left panel shows a
comparison with our standard YREC model of a 1.8 M
star and data from other open clusters of similar turn-
off masses and different metallicities: NGC 752 (Bo¨cek
Topcu et al. 2015), NGC 3680 (Pasquini et al. 2001;
Delgado Mena et al. 2016) and IC 4651 (Pasquini et al.
2004; Delgado Mena et al. 2016). In the YREC model
here, the MS Li abundance is calibrated to the turn-off
abundance measured in these open clusters. Also, we
use data from these other clusters to see how the Li in
their giants compare to the upper limits in Trumpler 20.
IC 4651 has a very similar turn-off mass with super-
solar metallicity [Fe/H]=+0.10, and its turn-off stars
have a large spread in Li abundances from A(Li) ∼ 1.6
to meteoritic values, possibly needing mixing to be ex-
plained (Pasquini et al. 2004). The same is observed
in the open cluster NGC 3680 with similar age, but
[Fe/H]∼ −0.08 (Anthony-Twarog et al. 2009), where
Li abundances range from A(Li) ∼ 1.9 to meteoritic
(Pasquini et al. 2001; Anthony-Twarog et al. 2009). The
similarly aged cluster NGC 752 with [Fe/H]∼ −0.05
(Anthony-Twarog et al. 2009), does not have enough
data in the turn-off region to conclude anything. Over-
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Figure 2. Gaia-ESO Li abundances of Trumpler 20 giants as a function of Teff . Gray triangles are Li upper limits, open circles
are detections and filled stars are Li-rich giants. The left panel shows the Trumpler 20 data and those of 3 other open clusters
along with a YREC standard model, where the possible spread in MS abundance is shown as a gray band. In the right panel, the
data is compared with the YREC and Lagarde et al. (2012) models (same styles and colors as Figure 1). The upper limits are
consistent with YREC models once calibrated to the turn-off abundance of other similar open clusters. The non Li-rich giants
are all consistent with an explanation of MS Li depletion and standard FDU with no extra-mixing required, which emphasizes
the unusual nature of the Li-rich giants.
all the average Li abundance for turn-off stars is A(Li) =
2.5±0.7, which we used to calibrate the models and the
possible internal spread found for a cluster (gray band
in Figure 2).
Figure 2 shows the Li abundance of the giants cor-
rected by non-LTE using the grids from Lind et al.
(2009a). The Trumpler 20 giants are not special in
any sense, and even some giants found in other clus-
ters show similar Li abundance than the two Li-rich gi-
ants in Trumpler 20. These giants could be interesting
to study given their high levels of Li when compared
to other stars. On the other hand, the Li upper lim-
its in the Trumpler 20 giants are similar to measure-
ments in the comparison clusters, so we could think of
them as marginal detections. It is still possible that
some extra-mixing mechanism is being triggered past
the RGB bump, as the Trumpler 20 giants that are
located after that point show systematically lower Li
abundances.
The fact that our estimation of Li abundance af-
ter FDU, including the corresponding zero-point uncer-
tainty, agrees with the abundance of all giants in the
sample except for the two Li-rich giants, argues in fa-
vor of this alternative interpretation of the observed Li
pattern in the RGB of Trumpler 20.
3. THE TWO LI-RICH GIANTS IN TRUMPLER 20:
POSSIBLE ENGULFMENT
We demonstrated in Section 2 that all Trumpler 20
stars in the S16 sample (excepting the 2 Li-rich stars)
are consistent with standard FDU after some MS Li
depletion, supported by the A(Li) of turn-off stars in
other similar clusters. Therefore, our interpretation of
the Trumpler 20 stars suggests that the Li-rich giants
have followed the same A(Li) evolution and were subse-
quently enriched in Li by a different mechanism, possibly
the accretion of a substellar mass companion. A thor-
ough analysis of the Li enrichment by this process was
done in Aguilera-Go´mez et al. (2016), where we model
the engulfment, confirming that it can explain Li abun-
dances up to A(Li) = 2.2 in giants, well above the level
of the two Li-rich giants in Trumpler 20.
We model the engulfment of a substellar mass com-
panion by the 1.8 M star, corresponding to the turn-off
mass of Trumpler 20, with [Fe/H]=+0.17. The engulf-
ment is produced at an age of 1.56 Gyrs or log g ∼ 3.3.
Details on the parameters used in the YREC stellar evo-
lutionary code or assumptions on the companion can be
found in Aguilera-Go´mez et al. (2016). Although MS
extra-mixing was not considered there, by calibrating
the Li abundance of the model in the MS we are taking
5into account processes that may act before the turn-off.
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Figure 3. Models of substellar companion engulfment to ex-
plain the Li-rich giants in Trumpler 20. The solid line is the
same YREC standard model calibrated to the turn-off abun-
dance in other similar clusters as shown in Figure 2. Dashed
and dotted lines are models with engulfment of a 15 MJ and
17 MJ respectively at a log g ∼ 3.3 corresponding to an age
of the star of 1.56 Gyrs. The vertical line shows the position
of the RGB bump.
In Figure 3 we show the evolution of surface A(Li)
with and without engulfment. To explain the two Li-
rich stars, the accretion of a substellar mass companion
of 16+6−10 MJ is required. Changing the initial Li content
of the star to consider the possible spread in turn-off
abundances produces a negligible effect in the necessary
companion mass compared to the uncertainty in Li mea-
surements.
Figure 3 shows two examples: 15 MJ (dashed line)
and 17 MJ (dotted line). As one of the Li-rich giants
is located after the RGB bump, indicated by the ver-
tical line, an alternative formation scenario to account
for its Li level is internal Li production plus enhanced
extra-mixing. However, mixing mechanisms proposed
so far that could increase Li seem to be less efficient at
higher metallicities (Martell et al. 2008), as is the case
of Trumpler 20.
Previously, Siess & Livio (1999) have studied the pos-
sibility of brown dwarf accretion, finding that not only
should the surface Li abundance of the giant increase
but also that the giant could spin up. Accordingly, we
note that although it is expected that the accretion of
substellar mass companions by the giant increases its ro-
tation rate, the low vsini measured for the Li-rich stars
is not enough to rule out this scenario. A rotational
signal could last for a large portion of the RGB (Priv-
itera et al. 2016), depending on several assumptions as
the wind magnetic braking efficiency, so a more detailed
analysis of this specific system would be needed.
To confirm our picture of Li evolution in Trumpler 20,
it would be interesting to obtain Li abundance measure-
ments of subgiants or turn-off stars in this cluster. This
would inform us of the exact Li abundance and possible
spread of stars before they go through the FDU. Then it
would be possible to know if those giants at lower log g
only had different turn-off Li abundances or if a process
of extra mixing is triggered after the RGB bump, further
decreasing the Li abundance.
Finally, the Li-rich giants in Trumpler 20 are compat-
ible with a fraction of 1.8 M MS stars hosting close
brown dwarf companions (that could be engulfed as the
star approaches the RGB) of order 5%. This is intrigu-
ing, given suggestions that there is a higher fraction of
massive planet hosts among A-dwarfs relative to solar
analogs (e.g. Johnson et al. 2010). However, observa-
tions show a lack of detected close-in planets around
massive stars, making it necessary to study if this lack
of objects is produced by engulfment when the star
leaves the MS (which is not supported by current mod-
els of tidal evolution, Kunitomo et al. 2011). Enhanced
statistics for Li-rich giants in a larger sample, for exam-
ple red giants with asteroseismic mass estimates, could
therefore test the existence of the brown dwarf desert
(Grether & Lineweaver 2006; Troup et al. 2016) in this
mass domain. We stress that the current sample is small
and that our results are suggestive rather than conclu-
sive.
4. SUMMARY
Trumpler 20 presents a great opportunity to study the
problem of Li-rich giants in a sample of stars with the
same age and very similar post turn-off masses. S16 have
published atmospheric parameters and Li abundances
for 40 giants, finding that 2 of them are Li-rich. Our
interpretation of the same evidence is that most of the
giants are consistent with MS depletion and standard di-
lution produced by FDU. We conclude that both Li-rich
giants are unusual in nature and have been enriched in
Li, possibly by the engulfment of substellar mass com-
panions of 16+6−10 MJ. We cannot exclude the presence
of mixing on the RGB, as most of the stars in the clus-
ter only have Li upper limits, but this extra-mixing is
not needed to explain the Li abundance pattern of the
cluster.
Other authors have found samples where the Li-rich
giants are thought to be produced by planet engulf-
ment. Casey et al. (2016) present an interesting sample
to study, although we are not certain that all of those
giants are first ascent RGB and we think that the lack of
close-in planets around subgiants is not a strong enough
6argument to point to planet engulfment, as it would pre-
dict a much larger amount of Li-rich giants before the
bump.
The fraction of Li-rich giants in Trumpler 20, corre-
sponding to 5% is rather high compared to what is usu-
ally found (from 1% to 2%). This fraction may indicate
how many dwarfs of 1.8 M should have close-in sub-
stellar mass companions of high mass during the MS.
Further abundance measurements of these and other
stars in this cluster, most preferably subgiants and turn-
off stars, would allow a better study of the phenomenon
producing the Li enrichment.
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